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Catalytic process for the modification of carbohydrates,

alcohols, aldehydes or polyhydroxy compounds

Description

The invention relates to a process for the industrial

conversion of carbohydrates, alcohols, aldehydes or

polyhydroxy compounds in aqueous phase

.

In many industrial processes, the conversion, e.g.

the oxidation, of carbohydrates, alcohols, aldehydes or

polyhydroxy compounds in aqueous phase plays a decisive role

and often forms the critical stage of synthesis processes.

Thus, for example, the D-gluconic acid required for

many industrial applications is prepared by an oxidation of

D-glucose, which is carried out as a microbial oxidation

using Aspergillus niger.

A further important oxidation is the formation of

2 -keto-L-gulonic acid from sorbose as intermediate step in

the preparation of ascorbic acid (vitamin C) . The classical

Reichstein process here provides a 2 -stage reaction in which,

in a complex manner an L-sorbofuranose is formed, which is

then oxidized to 2 -keto-L-gulonic acid, for example by an

electrochemical method or catalytically using nickel oxide.

The hydrogenation of reducing mono- and disaccharides

with supported noble metal catalysts is described in

DE 19523 008 Al . For industrial production, i.e. on a large

scale designed for large conversions, such catalysts are,
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however, unsuitable, meaning that Raney nickel catalysts

generally have to be used on an industrial scale.

During the reductive amination of reducing sugars

with alkylamines to give alkylaminopolyols , use is normally

made of Raney nickel catalysts. One disadvantage of these

catalysts is the very short service life (dissertation by M.

Schiittenhelm, 1995, TU Braunschweig), meaning that industrial

conversion has hitherto been unsuccessful due to high

catalyst costs. In addition, during the further work-up,

dissolved or complexed Ni constituents, which permit the

further use of the resulting product only through use of

downstream complex and cost -intensive cleaning processes,

must be taken into account

.

Alternatively, the preparation of these products with

supported Pd catalysts has been investigated. Here, a loss of

metal was found which, firstly, considerably reduced the

activity of the catalyst and, because of the economic

considerations, prevents its use (dissertation by R.

Cartarius, 1999, TU Darmstadt)

.

It is therefore in principle known, e.g. from

EP 0 201 957 A2, WO 97/34861, US 5 643 849 or tetrahedron

letters 38 (1997) , 9023-9026, to carry out such reactions, in

particular oxidations, catalytically , in particular using

noble metal catalysts, mild reaction conditions with regard

to the pH and the reaction temperature being made possible.

Particularly suitable catalyst metals here are platinum, but

also palladium and possibly rhodium, all noble metals in
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principle being suitable, taking into consideration their

activity and their oxygen tolerance.

The industrial use of the theoretically possible

catalytic oxidation has, however, hitherto failed due to

deactivation phenomena of the catalysts (cf. Mallat, Baiker

'Oxidation of alcohols with molecular oxygen on platinum

metal catalysts aqueous solutions' in Catalysis Today 19

(1994) , pp. 247-248) . The deactivation of the catalysts is

attributed here to the formation of catalyst poisons, an

overoxidation of the noble metal surface and to a surface

corrosion and restructuring of the noble metal. Since some of

the deactivation effects of the catalyst are irreversible and

cannot therefore be rectified by a regeneration, the

industrial application fails due to the low service life of

the catalysts and the high use of noble metal material

required therewith, which makes the process uneconomical. The

metal detachment which arises because of the deactivation

effects causes not only high costs for the noble metal used,

but also leads to contamination of the catalytically prepared

product

.

< A proposed use of noble metal catalysts provided with

promoter metals has produced a certain reduction in the

irreversible deactivation effects, but still falls a long way

short of making catalytic oxidation processes economically

competitive with processes used hitherto.

The serious deactivation effects for carrying out an

oxidation reaction have therefore led to the use of noble



metal catalysts in practice only for carrying out reactions

which are not very aggressive with regard to deactivation, in

particular for hydrogenation reactions. For the further

development of the catalysts for this purpose, enlargement of

the catalyst surface by the formation of fine noble metal

particles has been carried out by preparing the catalyst from

a colloid. The particles are separated from one another and

prevented from caking by providing the colloid with a

suitable polymer such that the particles are surrounded by a

polymer sheath. In this connection, attempts have also been

made to reduce the susceptibility of the metal particle

surfaces toward deactivation, for example by catalyst

poisons. For this reason, for hydrogenation reactions of

small molecules in which the reaction proceeds without

diffusion limitation, metal catalysts have been used which

have been formed from polymer-protected Pt or Pd particles.

For example, Chem. Ing. Technik 69 (1997) , 100-103

discloses supported palladium catalysts in millimeter-sized

gelatinous polymer networks for reducing nitrite. Nitrite is

a very small molecule in which the reduction proceeds without

diffusion limitation. Hydrogenation reactions with metal

catalysts which have been formed from polymer-protected Pt or

Pd particles are not disclosed in the prior art for the

conversion of relatively large molecules, such as, for

example , carbohydrates

.

To ensure uniform distribution of the particles, it

has also been proposed to surround the particles with
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surfactants in order to achieve a uniform distribution upon

application to a support. In this technology, however, the

surfactant sheath is dissolved following uniform distribution

of the particles in order to achieve the catalyst effect,

meaning that the sole function of the surfactant is to

achieve uniform distribution.

It has also been proposed to form polymer-protected

particle catalysts as bimetal or even trimetal catalysts.

While the combination of noble metals serves as a selectivity

control, the combination of noble metal with one or two

promoter metals is successful in reducing the deactivation of

the catalysts. As a result, perspectives for a practical

application of a catalytic process have been opened up for

the hydrogenation reaction and possibly other reducing

reactions. Oxidation, which is significantly more aggressive

with regard to deactivation of the catalyst, has not been

investigated further in this respect due to the existing

unpromi sing situat ion

.

For the reactions of the generic type, recourse must

therefore be further made to the known processes which are

aggressive with regard to environmental influences or can

only be controlled by very involved means, although

considerable efforts have been made to arrive at processes

which are simpler and proceed under milder reaction

conditions

.

Starting from the endeavor to provide an industrially

applicable process for the conversion, in particular
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oxidation, hydrogenation or reductive amination, of

carbohydrates, alcohols, aldehydes or polyhydroxy compounds

in aqueous phase, which proceeds under milder reaction

conditions, it is envisaged according to the invention that

the conversion be carried out catalytically using a metal

catalyst formed from polymer-stabilized nanoparticles

.

The present invention is based on the finding, which

is completely surprising and unexpected for the specialist

world, that metal catalysts formed from polymer-stabilized

nanoparticles are not deactivated during the catalytic

conversion, in particular oxidation, hydrogenation or

reductive amination, of carbohydrates, alcohols, aldehydes or

polyhydroxy compounds in aqueous phase, provided the

stabilizing interaction between polymer and nanoparticles is

retained. In this connection, it is not necessary according

to the invention that a promoter metal is added to the noble

metal catalyst, even if this is naturally self -evidently

possible in this process according to the invention. It is

also surprising for the person skilled in the art that the

known metal catalysts formed from polymer-protected particles

for hydrogenation reactions for large molecules, such as

carbohydrates and others, can be used, for which the person

skilled in the art would have expected a diffusion

limitation. The catalytic conversion of carbohydrates with

these catalysts surprisingly proceeds despite the polymer

matrix surrounding the active centers with high reaction

rates and selectivities . The person skilled in the art would
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have expected that, compared with the known reactions with

nitrite, the large carbohydrate molecules would be available

for a reaction only to a limited extent due to the polymer

matrix surrounding the active center or due to diffusion

limitation. However, it could be shown that even the large

di- and oligosaccharide molecules can advantageously be

converted using the catalyst system according to the

invention.

The present invention relates in particular to

processes for the industrial conversion of starting

materials, chosen from the group consisting of alcohols,

aldehydes and/or polyhydroxy compounds, such as

carbohydrates, carbohydrate derivatives, starch hydrolysates

,

in particular mono-, di- or trisaccharides, in aqueous phase,

where the conversion is carried out catalytically using a

metal catalyst formed from polymer-stabilized nanoparticles

.

It may be provided also to jointly convert mixtures of said

starting materials.

In a preferred embodiment of the present invention,

the conversion is an oxidation of said starting materials,

carbohydrates, for example glucose, sorbose, sucrose,

maltose, lactose, starch hydrolysates and/or isomaltulose

preferably being oxidized to the corresponding carbohydrate

acids. Because of the very aggressive conditions during

oxidations, the long-term stability observed according to the

invention and the metal leaching which does not arise in this

embodiment are particularly surprising.
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In a further embodiment, the conversion is a

reduction, in particular a hydrogenation, reducing sugars,

such as, for example, glucose, fructose, xylose, sorbose,

isomaltose, isomaltulose, trehalulose, maltose and/or

lactose, being hydrogenated to give the corresponding sugar

alcohols. In this way, it is possible, for example, to obtain

isomalt, 1, 1-GPM (1-0-a-D-glucopyranosyl-D-mannitol) or

1,6-GPS (6-0-ot-D-glucopyranosyl-D-sorbitol) enriched mixtures

from isomaltulose. Such enriched mixtures are described in

DE 195 31 396 C2

.

In a further embodiment, the industrial conversion of

said starting materials can be a reductive amination,

preference being given to reductively aminating reducing

sugars, in particular glucose, fructose, xylose, sorbose,

isomaltose, isomaltulose, trehalulose, maltose and/or

lactose

.

In a preferred embodiment, the metal catalyst is a

catalyst which essentially consists of noble metal or

comprises the latter, where the noble metal can, for example,

be platinum, palladium, rhodium and/or ruthenium. However,

the metal catalyst can also be a catalyst which essentially

consists of a base metal - or comprises the latter, where the

base metal can, for example, be copper and/or nickel.

In connection with the present invention, the

conversion takes place in aqueous phase, the conversion

preferably taking place at a temperature of from 35-120°C and

a pH of from 5 to 12

.
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In connection with the present invention, a polymer-

stabilized nanoparticle is understood as meaning a metal

particle around which a polymer sheath is formed, where the

total diameter of the polymer-coated metal particle, as metal

particle core plus sheath, is preferably in a range from 3 to

2 00 nanometers.

The invention provides in a particularly preferred

manner that the alcohols, aldehydes or polyhydroxy compounds

to be reacted, in particular carbohydrates, carbohydrate

derivatives or the like are converted in aqueous solution,

concentrations of from 0.1 to 60% being preferred. For

example, the glucose may be present in the form of glucose

syrup

.

In particular, in a further preferred embodiment, it

may be provided to pass the products mentioned above

converted according to the invention during the oxidation

following their conversion to a product solution to an

electrodialysis, and in so doing to remove and obtain the

products from the resulting product solution. A particularly

preferred procedure of this type is suitable, for example,

for the preparation of monooxidized carbohydrates or

carbohydrate derivatives and primary alcohols. Separating off

the oxidation products by means of electrodialysis, for

example as described in EP 0 651 734 Bl, leads to virtually

pure products being obtained.

The process according to the invention can thus be

coupled in a preferred manner with a process and the
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appertaining equipment according to EP 0 651 734 Bl in order

to obtain the desired products in a particularly pure form by-

means of electrodialysis . The teaching of EP 0 651 734 Bl is

incorporated in its entirety into the disclosure content of

the present teaching with regard to the electrodialysis

separation described therein, and protection is also sought

therefor.

If the catalyst particles according to the invention

are continually used repeatedly, it must be taken into

consideration that the polymer sheath around the

nanoparticles is detached or consumed. According to the

invention, it is therefore particularly preferred if the

polymer stabilizing the nanoparticles is added to the aqueous

phase continuously or at suitable time intervals in order, in

this way, to ensure that the effective polymer sheath around

the nanoparticles is retained.

In the process according to the invention, the

nanoparticles can be immobilized in a manner known per se on

a support material, i.e. supported, the support material used

preferably being a porous material in continuous form or in

powder form, or the polymer-stabilized nanoparticles are

immobilized in a gel structure.

Suitable immobilization materials with the help of

adsorption are, in particular: Al 203 , Si02/ Ti02/ Zr02 ,

activated carbon, polymer latex, polystyrene latex,

polyacrylamide gel, Deloxan (alkylsulfonic acid polysiloxane

,

aminoethyl Bio-Gel P-150. Inclusion immobilization can take
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place in a preferred embodiment in alginates, polyvinyl

-

alcohol, polyurethanes or the like.

If, in one embodiment of the invention, supported

catalysts immobilized as described above are used, the

polymer-stabilized and/or supported nanoparticles according

to the invention can preferably be homogeneously or

inhomogeneously distributed in gels, particularly hydrogels,

or else be localized on the surface. As well as the support

materials aluminum oxide, silicon dioxide and/or titanium

dioxide, also suitable for this purpose are activated carbon,

alumosilicates and ion exchange resins or the like.

Finally, in a further embodiment, membrane

arrangements are also possible in which the active component,

i.e. the polymer-stabilized nanoparticles, optionally also in

supported form, are applied to or between membranes (for

example hollow fibers, diffusion membranes, porous membranes

and flat membranes)

.

In a preferred embodiment, suitable polymers for protecting

and coating the nanoparticles are numerous homopolymers,

copolymers and, in particular, block copolymers and graft

copolymers. Particular mention may be made of polyvinyl

pyrrolidones and suitable derivatives, polyvinyl alcohol,

polyacrylic acid, poly (2-ethyl-2-oxazoline) , poly (2 -hydroxy

-

propyl methacrylate) , poly (methyl vinyl ether-co-maleic

anhydride) , polymethacrylic acid, poly ( 1-vinylpyrrol-

idone-co-acrylic acid) , poly (styrenesulfonic acid),

poly (2-acrylamido-2-methyl-l-propanesulfonic acid) , poly-
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(vinylphosphonic acid) , polydiallyldimethylammonium chloride

(PDADMAC) ,
polymethacrylamidopropyltrimethylammonium chloride,

poly ( 3 - chlorohydroxypropyl - 2 -methacryloxyethyldimethyl

-

ammonium chloride)

.

The catalysts according to the invention can be used,

in a preferred embodiment, also as colloids/clusters, the

active component being in the form of free, i.e. not

immobilized, colloids or clusters. The largest arrangement of

these colloids/clusters is, according to the invention, in

the nanometer range, i.e. in a range from 1 nm to 2 0 nm. It

is only essential that the colloid particles and clusters are

surrounded by a protecting polymer sheath.

The catalysts can be designed according to the type

of catalyst and the reactor in question, for example as

spheres, beads, cylinders, hollow cylinders, meshes, powders,

pressed articles, granules, hollow spheres, fibers and films.

The process itself can be used in plants which operate

continuously, semicontinuously or else batchwise. Depending

on the catalyst used, suitable reactors are, for example,

fixed-bed reactors, reactors with expanding fixed beds,

moving-bed reactors, fluidized bed reactors, stirred-bed

reactors, stirred tank reactors and membrane reactors. These

systems can be operated with or without catalyst and/or

liquid recycling. These systems can, if necessary, also be

provided with suitable internals for catalyst retention, for

example with cyclones, filters and membranes.

Further advantageous embodiments arise from the
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dependent claims.

The invention is illustrated in more detail by

reference to the examples below and the appertaining figures.

The figures show

Figure 1: Measurement results for the oxidation of

sorbose using a catalyst used according to the invention,

Figure 2 : Measurement results for the oxidation of

sorbose using a comparison catalyst,

Figure 3 : Measurement results for the oxidation of

sorbose using a catalyst used according to the invention,

Figure 4 : Measurement results for the oxidation of

glucose using a catalyst used according to the invention,

Figure 5: Measurement results for oxidation of

sucrose using a catalyst used according to the invention and

a comparison catalyst,

Figure 6: Measurement results for the reductive

amination of isomaltulose using a catalyst used according to

the invention and a comparison catalyst,

Figure 7: Measurement results for the hydrogenation

of isomaltulose using a catalyst used according to the

invention and a comparison catalyst.
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Example 1

Preparation of PVP- stabilized platinum colloids

3.27 g of polymer, namely polyvinylpyrrolidone (PVP),

are dissolved in 33 ml of methanol, it possibly being

necessary to gently heat the solution so that the polymer

dissolves completely. Following dissolution of the polymer,

3 98.2 mg (0.769 mmol) of hydrogen hexachloroplatinate (IV)

hydrate (H2PtCl 6
- 6H 20) (platinum content 150 mg) and 291.6 mg

(7.29 mmol) of NaOH are added thereto and the mixture is

boiled under reflux. The solution also turns yellow during

this operation upon the addition of hydrogen hexachloro-

platinate (IV) hydrate. Following reduction, the mixture is

boiled under reflux for a further 60 minutes. The reduction

takes place suddenly only after boiling for about 30 minutes.

The reduction is also evident here from the formation of a

brown-black colloidal sol. After the sol has cooled, the

unreacted alcohol is removed dialytically . During the

dialysis, the colloidal sol is continuously circulated by

pump through the intracapillary volume of a hollow fiber

dialysis module (Fresenius model F5 HPS) in countercurrent to

deionized water in the extracapillary volume. During

dialysis, all of the colloidal sol is retained.



Example 2

:

Supporting the Pt colloid on Al 203

4.69 g of A1 203 (HL 1000) in the form of highly

porous particles are added to a colloidal solution comprising

50 mg of Pt. 1.15 ml of formic acid are then added and the

mixture is stirred overnight. The solution becomes clear over

the course of time. The reaction mixture is filtered over a

G4 frit. The solid is washed first with methanol and then

with distilled water and dried in a drying cabinet.

Example 3

:

Sorbose oxidation

To determine the sorbose degradation activity, the

reactor is filled with 150 ml of catalyst suspension. Prior

to the feeds, the reaction suspension is gassed for

3 0 minutes with hydrogen in order to expel other gases,

primarily oxygen, from the reaction solution and in order to

activate the catalyst. To strip the dissolved hydrogen from

the reaction suspension, the solution is gassed with nitrogen

for about 15 minutes. Under nitrogen blanketing, 7.5 g of

sorbose are added to the solution, and the mixture is heated

to a reaction temperature of 50°C. The pH is then adjusted to

7.3. After the reaction suspension has reached 50 °C, it is

then gassed with oxygen, i.e. the reaction is thereby

started, the gassing rate at the start being very high so
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that rapid saturation of the reaction suspension is achieved.

After complete saturation (about 95%) has been achieved, the

gassing rate is reduced. The degree of saturation is

monitored using the oxygen electrode, and the gassing rate is

increased again where necessary so that the reaction remains

saturated over the entire course of the reaction. The

reaction time was 24 hours per feed. The catalyst was then

subjected to the regeneration treatment mentioned and is then

prepared for the next feed.

Example 4

:

Comparative experiment

For the sorbose oxidation shown in example 3, the

polymer-protected platinum colloid catalyst prepared

according to example 1 and 2 has been investigated with

regard to its activity in repeated reaction runs. The

measurement results obtained therein are shown in figure 1

and show that the activity of the catalyst remains virtually

unchanged over many feeds (of 24 hours in each case) , while a

traditional platinum catalyst on Al 20 3 has an activity which

is reduced to 20 to 30% following comparable feeds, as

figure 2 shows. Using atomic absorption spectroscopy, it has

been established that the traditional platinum catalyst had

lost 28% platinum after just 6 feeds, while the catalyst

according to the invention had no losses.
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Example 5

Figure 3 illustrates the activity course for a

catalyst according to the invention analogous to figure 1,

where the regenerating gassing with hydrogen according to

example 3, which has been carried out in other respects, has

been omitted, as a result of which the activity has been

considerably reduced during the eleventh feed. However, by

subsequently carrying out gassing with hydrogen, the original

activity is restored, as is evident at the twelfth feed

according to figure 3. Deactivation without regeneration

treatment is therefore reversible.

Example 6

:

Glucose oxidation

To determine the glucose degradation activity, the

reactor is filled with 100 ml of catalyst suspension. Prior

to the feeds, the reaction suspension is gassed with nitrogen

for 15 minutes in order to expel other gases, primarily

oxygen, from the reaction solution. Under nitrogen

blanketing, 10 g of glucose are added to the solution, and

the mixture is heated to a reaction temperature of 50 °C. The

pH is then adjusted to 9.5. After the reaction suspension has

reached 50°C, it is then gassed with oxygen, i.e. the

reaction is thereby started, the gassing rate at the start

being very high in order to achieve rapid saturation of the
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reaction suspension. After complete saturation (about 95%)

has been reached, the gassing rate is reduced. The degree of

saturation is monitored using the oxygen electrode, and the

gassing rate is increased again where necessary so that the

reaction remains saturated over the entire course of the

reaction. Figure 4 shows that the activity of the catalyst at

worst decreases slightly after a few feeds of 4 hours each,

while traditional catalysts are virtually unusable after no

more than 4 feeds because the activity has dropped to 2 0% or

below.

Example 7

Preparation of polymer- stabilized metal colloids

Table 1: Qualitative composition of catalysts 1 to 5

Active
metal

Support Stabilizing
polymer

Type of
conversion

Catalyst 1 Pt A1 203 Polyvinyl-
pyrrolidone

Oxidation

Catalyst 2 Pd Ti02 Poly (1 -vinyl

-

pyrrol idone)

-

co-acrylic acid

Reductive
amination

Catalyst 3 Ru A1 203 Polyvinyl-
pyrrolidone

Hydrogena-
tion

Catalyst 4 Cu Activated
carbon

Polyvinyl-
pyrrolidone

Hydrogena-
tion

Catalyst 5 Ni Ti02 Polymethacryl

-

amidopropyl-
trimethyl-
ammonium
chloride

Hydrogena-
tion
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The polymer-stabilized metal colloids were prepared

analogously to example 1. The composition of the catalyst is

given in table 1 . The use amount of the polymer used in each

case was here initially kept constant. The amount of noble

metal acids or metal salts used was chosen such that,

following theoretical complete conversion, a catalytically

active metal content of 150 mg can be assumed. Table 2 shows

the raw materials and amounts for the preparation of the

catalysts

.

J! Table 2: Quantitative composition of catalysts 1 to 5

Ul

i;fi

CO Active Starting Amount of Amount in

sB

hi!

u

metal component starting

component in mg

mmol

0
H>

>*P

Q

Catalyst

1*

Pt H2PtCl 6 .

6 H20

398 .2 0 . 769

Catalyst Pd PdCl 2 249.9 1.41

2

Catalyst Ru RuCl 3 307 .9 1.48

3

Catalyst Cu CuCl 2 319.7 2.36

4

Catalyst Ni Ni (N0 3 ) 2 466.9 2 .56

5

* as used for the oxidation of sorbose in example 3
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The catalysts were supported analogously to the

procedure given in example 2

.

Example 8:

Oxidation of sucrose

The oxidation of sucrose using catalyst 1 is carried

out in accordance with example 3.

The reaction temperature here is 40°C / and an

electrodialysis unit is used to continuously separate off the

oxidation products (described in detail in the dissertation

by M. Schuttenhelm, TU Braunschweig and in EP 0 651 734 Bl)

.

The unit was operated for 10 days and produced the following

product spectrum:

1- 0- (P-D-fructosylfuranuronyl) -a-D-glucopyranoside

:

36 ± 3%

2- 0- (a-D-glucopyranosyl) -6-D-glucofuranonic acid:

37 ± 3%

1-0- (S-D-fructosylfuranosyl) -a-D-glucopyranuronide :

10 ± 2%

Other products which could not be characterized further:

5 ± 2%
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The activity of the catalyst was virtually constant

over 10 days.

As a comparison, a non-polymer-stabilized

commercially available catalyst containing Pt on an activated

carbon support and having a metal content of 1% by weight was

tested and produced the following product spectrum:

1- 0- (p-D-fructosylfuranuronyl) -a-D-glucopyranoside

:

37 ± 3%

2- 0- (a-D-glucopyranosyl) -S-D-glucofuranonic acid:

36 ± 3%

1-0- (S-D-fructosylfuranosyl) -a-D-glucopyranuronide

:

10 ± 2%

Other products which could not be characterized further:

13 ± 2%

As well as the desired monosucrose carboxylic acids,

this comparison catalyst produced a considerably higher

proportion of byproducts, as figure 5 shows. Even after the

third day it was possible to observe a continuous decrease in

catalyst activity.



Example 9

:

Reductive awination of isowaltulose (palatinose) in the

suspension process

The investigations for the reductive amination were

carried out in a high-pressure autoclave in a slurry process

using catalyst 2 (cf. Ex. 7) (5 g)

.

The catalytic hydrogenations were carried out in a

laboratory high-pressure autoclave with the following

operating data:

Autoclave

• 750 ml high-pressure autoclave, thermostatable ; max.

operating pressure: 15 Mpa (BERGHOF, Eningen)

• speed-controlled, inductively operated stirrer

• internal temperature measurement by PT 100 resistant

thermometer

® manual sampling needle valve

Thermostat:

Compact low- temperature thermostat RKS 20 D with

external control unit (LAUDA, Lauda-Konigshofen)

Introduction of hydrogen:

Removal from cylinders via pressure-reducing valves:

<10 Mpa: flushing unit; 15 Mpa: reaction connection



Amination with n -dodecylamine

:

50 g (0.139 mmol) of palatinose monohydrate

(Mr [C12H22O11H2O] = 360.31 g/mol) were dissolved in a mixture

of 180 ml of water and 55 ml of 2-propanol in a thermo-

statable 55 ml double-walled flask, and cooled to 10°C. A

solution of 7.36 g (0.040 mol) of n-dodecylamine (Mr [C12H27N]

= 185.35 g/mol) in 120 ml of water and 70 mol of 2-propanol

was slowly added dropwise thereto, and the mixture was

stirred well for 1 h. The resulting osylamine reaction

solution was transferred to the heated autoclave, and mixed

with the catalyst, then flushed rapidly three times with

hydrogen and hydrogenated for 24 h at 50 bar and 70°C. After

cooling to room temperature, the catalyst was filtered off

and the crude product solution was carefully concentrated on

a rotary evaporator at 38 °C in a water- jet vacuum. The

residue was then purified.

It was found that the hydrogen partial pressure

during the hydrogenation should, in a preferred embodiment,

be at least 30 bar in order to suppress undesired secondary

reactions. It is of course also possible to carry out the

hydrogenation at 180 bar or above. The experiments were all

carried out at 50 bar and a temperature of 70 °C.

The plant was operated batchwise for 10 days and

filled with new starting material solution every 24 hours.

The catalyst was not changed during this time. As a

comparison, a non-polymer-stabilized catalyst (1% Pd on Ti0 2 )



was tested. The activity was assessed by determining the

isomaltulose conversion in each case after 24 hours. At the

start, the conversion was virtually quantitative for the two

catalysts (red. substances <0.1%, therefore below the

detection limit) ; this value was chosen, as 100%, to be the

reference parameter for the evaluation of the experimental

series

.

The results are shown in figure 6.

The non-polymer-stabilized support loses 15% of its

reactivity after just the third day in this reaction; the

reactivity of the polymer-stabilized catalyst remains

virtually unchanged throughout the investigated period.

Example 10

Hydrogenation experiments

Within the scope of the investigations, the

suitability of polymer- stabilized catalysts for hydrogenation

reactions was investigated.

In each case, 5 g of catalysts 3-5 were prepared and

tested in the autoclave system described above with the sugar

isomaltulose. For this, 500 ml of isomaltulose solution with

a dry- substance content of 3 0% were in each case introduced

into the autoclaves, and 5 g of the catalyst were added. As

comparison catalyst, an Ni/Si0 2 -based standard catalyst was

used. The autoclave was sealed and flushed three times with

nitrogen to remove the oxygen. The subsequent 10 batch



hydrogenations for each catalyst were carried out at the

following parameter settings:

Reaction temperature: 70°C

Hydrogen partial pressure: 150 bar

Stirrer speed: 700 rpm

Reaction time: 24 h

The hydrogenation of isomaltulose produces, as main

products, a polyol isomer mixture consisting of

6-0-oc-D-glucopyranosyl-D-sorbitol (1, 6-GPS) and

1-0-a-D-glucopyranosyl-D-mannitol (1,1-GPM). The activity was

assessed by determining the isomaltulose conversion after

24 hours. Figure 7 shows that in the case of catalysts 3 to

5, no reduction in reactivity is observed during the period

of investigation, while in the case of the comparison

catalyst, a decrease in reactivity is observed even from the

5th hydrogenation.

Depending on the metal used and support for the

catalysts used, it is possible to selectively control the

quantitative ratio with regard to the 1, 6-GPS and 1,1-GPM

proportion of the product solutions. As table 3 shows, the

selectivity of the hydrogenation reaction can be influenced

through the choice of catalyst in such a way that targeted

preparation of an appropriately 1, 6-GPS and 1,1-GPM enriched
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product solution is possible.

Table 3

Selectivity of the hydrogenation reaction

Catalyst Selectivity

Catalyst 3 1, 6-GPS-selective

Catalyst 4 1, 1-GPM-selective

Catalyst 5 equimolar ratio

Comparison catalyst equimolar ratio

The examples given demonstrate that, despite varying

combinations of different metals, polymers and supports, a

large number of principally identical catalysts can be

prepared which have the common feature that, particularly in

an aqueous medium, they have a significantly higher ability

with regard to adhesion and loading of the active metal

component and thus longer service lives than traditionally

used catalysts.


